SUMMARY Two hundred infants of below 1501 g at birth were regularly examined with real time ultrasound using a 7*5 MHz transducer. Abnormalities were catagorised as periventricular haemorrhage (PVH) (n=107) or periventricular leucomalacia (PVL), with or without PVH (n=52). Of the group with PVL, 25 had the appearances of prolonged flare without cavitation. Prospective assessments of up to 50 potential clinical risk factors were made wherever possible on each infant including stratification of all blood gas and systolic blood pressure data. Multivariate logistic regression analyses confirmed a strong correlation between immaturity and PVH but this was not found in cases of PVL. Independent variables associated with PVL included pneumothorax, maximum bilirubin concentration, surgery, and the proportion of time the infant's PaCO2 remained above 7 kPa. There was a very strong inverse correlation between anaemia and PVL. Systolic blood pressure data were carefully analysed and there was no relation between either hypotension or antepartum haemorrhage and the development of PVL.
Factors predisposing to germinal matrix haemorrhage in preterm infants have been well documented by previous workers by necropsy,' computed tomography,2 and ultrasound scan diagnosis.38 Periventricular haemorrhage (PVH) is a condition of prematurity related to rupture of capillaries within the germinal matrix; the presence of respiratory distress syndrome and its complications are important associated factors.
The cause of periventricular leucomalacia (PVL) is uncertain. As part of a study using ultrasound to ascertain the incidence and outcome of this condition in 200 very low birthweight infants we prospectively collected data on a large number of potential clinical risk factors for PVL. Statistical analysis of these risk factors was performed to understand further the pathogenesis of this condition.
Patients and methods
Over 16 months (1 January 1984 to 30 April 1985) 200 infants below 1501 g at birth who were admitted to two neonatal intensive care units (Leicester Royal Infirmary and Nottingham City Hospital) had regular cranial ultrasound scans. In both centres an American Technological Laboratories Mark III real time sector scanner fitted with a 3-5, 5, and 7-5 MHz multifrequency scanhead was used. The scans were classified according to the criteria that we have previously described.9 In addition, extensive clinical data relating to antenatal, perinatal, and postnatal events in the first four weeks of life, or until the time of death if this were sooner, were prospectively recorded. The clinical data and scan findings were computerised and statistical analysis performed using a VAX 8600 computer. In one centre (Leicester Royal Infirmary) blood pressure data were measured directly from arterial cannulas or catheters when these were in situ. In Table 2 Coding for continuous and intermittent data with stratification bands setfor testing blood gas and systolic blood pressure data points variables, and Mann-Whitney U tests on the continuous and intermittent variables. The intermittent data were recorded together with the infant's age in hours to allow calculation of the proportion of time the infant was found to be above or below preset Clinical risk factors and periventricular leucomalacia 19 values. In the first analysis previously reported cut off values were used for PaCO2 (37-0 kPa4) and pH (<7213). Subsequently, the blood gas and blood pressure data were stratified by stepwise increments (table 2) and each increment analysed separately as the proportion of time within that stratum. The cut off value that showed the most significant result was then used for further analysis. In the second stage multivariate analyses using generalised linear interactive modelling (GLIM) on all factors found to be significant at the 1% level determined significant factors independently.14
Results
The median gestational age of the 200 infants was 29 weeks (range 25-37 weeks). PVH occurred in 107 babies (53-5%) and PVL was detected in 52 (26%). Both conditions occurred in 36 (18%) of the study group. Of the infants in the PVL group, 25 of the 52 had the appearances of 'prolonged flare.' Cysts were seen on ultrasound scan within the first week of life in three babies: days 3, 5, and 7, respectively. In addition, echodensity subsequently classified as indicating PVL was present on the initial scan in a further 28 babies.
Categorical and continuous data were available for all 200 infants. Intermittent data in the form of blood gas recordings were made on 171 infants. Twenty nine babies had no respiratory distress and required no supplemental oxygen; blood gases were not measured in this group. Systolic blood pressure data were available from 113 of the infants.
Thirty two of the babies in the study were from multiple pregnancies. In addition, there were five twins and one triplet whose partners were excluded on birthweight criteria. Of these infants, 15 had normal scans, eight developed PVL, and nine had Multivariate logistic regression analyses were performed on the 14 risk factors for PVH and the 10 for PVL. The GLIM equation for PVH can be described as: log P/1 -P= 12-27-0-414a-1 *845b+ 1-935c+2-770d and for any degree of PVL as: log P/1-P= -3-50-1-860b+1*556e+0*013f+3*649d+ 1-305g where a=gestational age in weeks; b=1, if haemoglobin <100 g/l at any time, otherwise 0; c=1, if any clotting disorder, otherwise 0; d=proportion of time PaCO2 :7; e=1, if pneumothorax, otherwise 0; f=maximum bilirubin level; and g=1, if any surgical procedure, otherwise 0.
This means that the risk of developing PVH was negatively correlated with advancing gestational age and anaemia (haemoglobin <100 g/l). PVL was also negatively correlated with anaemia. Table 6 summarises these independent variables for both PVH and PVL.
These models were derived from the 171 infants with complete blood gas data. When the model for PVH was applied to the 113 infants with systolic blood pressure data it did not significantly improve the fit of the model. Further analyses were performed to distinguish whether there were different risk factors for cystic and precystic PVL compared with prolonged flare alone. Three factors best predicted both these conditions: these were anaemia (negative correlation), pneumothorax, and maximum bilirubin concentration.
Discussion
The risk factors for PVH in the newborn are well documented, and although a large number of variables have been reported to predispose to haemorrhage, many studies have agreed on a relatively few commonly associated conditions. These include respiratory distress syndrome,35 7 pneumothorax,5 7 acidosis,2 hypercapnia,4 5 7 and coagulation disorders.5 15 There are considerably less data available concerning the risk factors predicting the onset of PVL. As cystic PVL is now known to be associated with adverse neurodevelopment the purpose of this study was to identify the events that predisposed to PVL and to compare these with those preceding haemorrhage.
Many of the risk factors that we found on multivariate analysis to predispose to PVH were similar to those previously reported by others. There was an extremely strong association between prematurity and PVH, which is not unexpected as the germinal matrix tends to involute with increasing maturity. Clotting disorders and hypercapnia are also well recognised factors. The basic cause of PVH is rupture of the capillaries within the germinal matrix, probably in response to acute fluctuations in cerebral blood flow. Mechanical ventilation and fluctuating blood pressure, hypercapnia, and acidosis may predispose to the acute changes in cerebral blood flow, and minor bleeding in the presence of a clotting disorder may cause more extensive haemorrhage into the lateral ventricle.
To There was an inverse relation between anaemia and the development of both PVH and PVL. The reason for this is probably related to our policy of transfusing the sickest infants more frequently than less ill babies, thereby preventing this high risk group from becoming anaemic. Those infants who were less ill were allowed a lower concentration of haemoglobin and this is the group least likely to develop intracranial complications.
We have previously reported that PVH and PVL commonly occur in the same infant,9 and this study has found that haemorrhage and PVL shared eight risk factors that reached significance on univariate analysis. These lesions seem most likely to occur in the sickest infants, but interestingly, although immaturity was very closely related to the frequency of haemorrhage, it was not associated with the onset of PVL. Although the risk of PVH reduces with increasing gestational age, the infant's brain may remain susceptible to PVL for a longer period of time.
We recommend caution in the interpretation of the findings of this study and other similar papers on perinatal risk factors of PVL for two reasons: because of the limitation of multiple significance testing, which may produce spurious results; and secondly, PVL may be the result of a variety of quite disparate factors. Lumping them all together may well obscure some of the occasional but nevertheless important causal factors. There are babies in this study who sustained cardiac arrhythmia with hypotension and who subsequently developed PVL shortly afterwards.21 It is also possible that imprecise methods for detecting some conditions, such as fetal distress, may produce a false negative result for this variable. Because these associations were rarely seen they may not have reached significance in our cohort.
Finally, our analysis has shown that the risk factors for prolonged flare are similar to those for PVL. We have previously suggested, on the basis of pathological and ultrasound correlation, that prolonged flare is part of the milder end of the PVL range.22 Our analysis of associated factors reported here confirms that the same risk factors operate for both prolonged flare and cystic or precystic PVL; this adds further weight to our hypothesis that prolonged flare is not an artefactual appearance. We must await follow up data on infants with this condition to establish its prognostic importance.
